Estradiol 170 prevented the fall in the microbicidal activity of the myeloperoxidase-H202-halide system induced by high H202 concentrations. In contrast, when the H202 (and halide) concentrations were low, the myeloperoxidase-H202-halide antimicrobial system was inhibited by estradiol. These properties of estradiol 17' were shared by estradiol 17a, estrone, estriol, ethinyl estradiol, and phenol, but not by estradiol-3-benzoate, testosterone, progesterone, hydroxyprogesterone, cortisone, hydrocortisone, or deoxycorticosterone.
A number of peroxidase-catalyzed reactions are stimulated by estrogens (9) (10) (11) (12) 20 ). An intact phenolic hydroxyl group is required, and it was proposed that the estrogen may act as an oxidation-reduction catalyst, being alternately oxidized by peroxidase and H202, possibly to the phenoxy radical, and then reduced to its original form by an electron donor which is in turn oxidized. In several, but not all, instances, the electron donor is oxidized more rapidly in the presence of the estrogen than in its absence. In the absence of an appropriate electron donor, oxidation of the estrogen can lead to its further degradation with a loss of biological activity (13, 17) . In the presence of a protein, firm, presumably covalent binding of the estrogen occurs (6) (7) (8) 15) , and firm binding of estrogens to peroxidase-positive sites in tissues has been reported (4, 15, 19) .
Myeloperoxidase (MPO), H202, and a halide form a potent antimicrobial system effective against a variety of microorganisms, and this system appears to contribute significantly to the antimicrobial activity of the polymorphonuclear leukocyte (PMN) (for reviews see 14, 16) . Estradiol is converted to an alcohol-precipitable form by PMNs during phagocytosis (15 Estradiol also increased antimicrobial activity at high H202 concentration when iodide or bromide was substituted for chloride ( Table 3) . As for the chloride-dependent system, a bactericidal effect of the MPO-H202-iodide (or bromide) system was readily observed in the absence of estradiol when the H202 concentration was lowered (Table 4) . Comparable results were observed when MPO was replaced by a purified preparation of guinea pig eosinophil peroxidase, i.e., microbicidal activity was inhibited by high concentrations of H202, and this inhibition was prevented by estradiol (data not shown). The canine MPO generally employed also could be replaced by human MPO.
Inhibition by estrogens. When the H202 concentration was l0'-M, the MPO-H202-halide system was bactericidal at iodide concentrations down to 1lo-M under the conditions used in Table 4 . In contrast to the findings at high H202 concentrations, estradiol inhibited antimicrobial activity under these conditions, with a significant inhibitory effect observed at iodide concentrations ranging from 2 x 10-4 M to 2 x 10 M. An inhibition by estradiol also was observed when bromide was substituted for iodide;
however, when chloride (10-' or 10-2 M) was used under the conditions used in Table 4 , in- Table 1 except that the supplements were as follows: H202, 10-5 M; MPO, 8 mU; sodium iodide and sodium bromide at the concentrations indicated; and estradiol, 10-4 M where indicated.
b Mean of two to five experiments. P P values for the significance of the difference between the presence and absence of estradiol. NS, Not significant. hibition by estradiol was not seen. When both chloride (5 x 10-2 M) and iodide (5 x 1O-5 M) were employed, the results were comparable to those observed with iodide alone; i.e., estradiol significantly inhibited antimicrobial activity. Those steroids which stimulated antimicrobial activity at high H202 concentration (Table 2 , system A) also inhibited antimicrobial activity at low H202 concentration ( Table 2 , system B), although complete inhibition was not observed with estrone under the conditions employed. Phenol also was inhibitory. The canine MPO generally used could be replaced by human MPO.
DISCUSSION
Phenolic estrogens were shown here to have a dual effect on the MPO-H202-halide antimicrobial system. When the H202 concentration was increased to a level at which loss of microbicidal activity was observed, presumably due to the inactivation of MPO (2), estrogens increased microbicidal activity. In contrast, when the H202 and halide concentrations were low, the microbicidal activity evident under these conditions was inhibited by estrogens. The same estrogens which were stimulatory at high H202 concentrations were inhibitory when the H202 concentration was low, and non-estrogenic steroids (testosterone, progesterone, hydroxyprogesterone, cortisone, hydrocortisone, deoxycorticosterone) were without effect under both sets of conditions. It is of interest that ethinyl estradiol, which has a substitution in the 17 position, was active, whereas estradiol-3-benzoate, with a substitution on the phenolic hydroxyl group, was ineffective. The importance of the phenolic hydroxyl group was further emphasized by the comparable effects observed when the phenolic estrogen was replaced by phenol. Both the 17" and the 17i stereoisomers of estradiol were active, as were estriol and estrone. In an earlier study, Jacobs et al. (5) With a further increase in the H202 concentration, the iron porphyrin structure is destroyed and the enzyme is denatured. Under the conditions used in Table 1 , estradiol was protective of the microbicidal system at concentrations 1/2 to 1/20 that of H202, indicating that its effect was not due to a stoichiometric interaction with H202. It is not known whether estrogens function as oxidation-reduction catalysts under these conditions or react directly with MPO to prevent inactivation.
Estrogens are firmly bound by PMNs during phagocytosis, and covalent linkage to cellular components, due in part to oxidation by MPO and H202, has been proposed (15) . It is possible, therefore, that estrogens can influence the microbicidal activity of the MPO system in the intact cell either by competing for the available H202 or by preventing a fall in activity induced by high levels of H202. Although effects of estrogens on neutrophil function have been reported (see 3), it is not known whether estrogens are present in adequate amounts or in the proper location to influence microbicidal activity in situ.
ACKNOWLEDGMENTS
The excellent technical assistance of Ann Waltersdorph and Joanne Fluvog and the help of Kay Tisdel in the preparation of the manuscript are greatly appreciated.
This study was supported by Public Health Service research grants HD02266 and AI07763 from the National Institutes of Health.
